Purpose. During spring 2009, a pandemic swine-origin influenza A (H1N1) virus (S-OIV) emerged and spread globally. We describe the chest X-ray and computed tomography (CT) findings of 40 patients with pneumonia due to S-OIV observed in our institution. Materials and methods. Among 534 patients with S-OIV, according to the US Centers for Disease Control and Prevention case definition, seen between June and November 2009, 121 underwent chest X-ray and 40 (median age 44 years, range 16-79) had pneumonia. The initial chest radiographs were evaluated for pattern, distribution and extent of lung abnormalities. Unenhanced chest CT scans were performed in two patients and were reviewed for the same findings. Underlying medical conditions were present in 42% of patients (17/40). Results. Our patients had predominantly mild illness, and pneumonia was observed in 40 individuals (40/121 patients who had chest X-rays, 33%; and 40/534 patients with S-OIV, 7.5%). However, S-OIV can cause severe illness requiring admission to the intensive care unit for advanced mechanical ventilation and extracorporeal life support, including adult respiratory distress syndrome (ARDS) and death. The major radiological abnormalities observed were interstitial changes (60.0%), with (22.0%) or without patchy ground-glass appearance, mostly bilateral, and located in the lower lung zones (7.5%). Extensive disease was seen in 37.5% (15/40), and ARDS was observed in three individuals (0.30%)with underlying medical conditions. Subtle pleural effusion was noted in four patients. 
Radiological findings of pneumonia in patients with swine-origin influenza A virus (H1N1)
Swine-origin influenza A virus (S-OIV) (H1N1) was first reported in Mexico in late March 2009, and rapidly spread throughout the world. Epidemiological data suggest that the newly emerged H1N1 virus had relatively low virulence [1] . It is believed that the mechanism of transmission of S-OIV is predominantly by droplet secretions [2] . The clinical manifestations mostly consist of mild illness [3] , even though, as in the case of seasonal influenza [4, 5] , S-OIV can cause severe illness and death, above all in persons with underlying medical conditions. The role of radiological imaging is identifying pulmonary complications and depicting severe cases early in the course of the disease. In this paper, we review the chest radiographic and computed tomography (CT) findings observed in 40 individuals with pneumonia and S-OIV H1N1 infections.
Materials and methods

Between June and November 2009, 534 patients fulfilling the US Centers for Disease Control and Prevention (CDC)
clinical criteria for the diagnosis of S-OIV [6] were observed in our institution. Among 121 of these individuals who underwent chest radiography on admission, 40 had findings consistent with pneumonia. These patients formed our study population. S-OIV was subsequently confirmed by polymerase chain reaction (PCR) in all these individuals. The study population included 24 men, median age 44 years (range 16-79 years). All patients had temperature >38°C and one or more clinical findings of respiratory illness. Seventeen patients (42% 17/40) had one or more underlying medical conditions [obesity, HIV infection, chronic obstructive pulmonary disease (COPD), bronchial asthma, fibrosis or diabetes]. Chest radiographs were obtained on admission using conventional radiography in the two standard projections or performed at the bedside in the anteroposterior projection. [1] e la sua trasmissione interumana avviene prevalentemente attraverso droplet [2] . S-OIV si manifesta come malattia di media severità [3] , in persone con comorbilità può però decorrere in forma grave, anche mortale, analogamente a quanto avviene per l'influenza stagionale [4, 5] The chest radiographs and CT scan were assessed for the presence and distribution of the following findings: (1) reticular opacities, (2) ground-glass opacities, (3) nodular opacities, (4) parenchymal consolidation, (5) pleural effusion, and (6) adenopathies. In accordance with the Fleischner Society Glossary [7, 8] , reticular opacities were defined as linear opacities forming a mesh-like pattern, which may be thin or thick and coarse. Ground-glass opacities were defined as hazy areas of increased attenuation with preservation of bronchial/vascular markings and without obscuration of the ribs. Nodular opacities were defined as focal round opacities, with a diameter no greater than 7 mm. Consolidation was an opacification of the parenchyma with obscuration of the underlying anatomical structures. A mixed pattern denoted a combination of ground-glass opacities, dense consolidations and reticular opacities. Distribution was categorised as bilateral or unilateral, focal, patchy or diffuse. Focal was defined a single focus of abnormality, patchy as more than one focus and diffuse when abnormalities involved three or more lung zones. The predominant distribution was also assessed as being in the upper (above the level of the anterior end of the third rib), middle (between the third and fifth anterior ribs) or lower (below the level of the anterior end of the fifth rib) lung zones. of the patients. Ground-glass opacities (Fig. 2 ) associated with interstitial changes were the second most common predominant finding, found in 22.5% (9/40). A mixed pattern (Fig. 3) , a combination of ground-glass opacities, dense consolidations and reticular opacities, was observed in 15% (6/40). The lung abnormalities were bilateral in 70% (28/40) and most commonly found in the lower lung zones 70% (28/40) (Fig. 4) . Extensive disease (Fig. 4) was seen in 37.5% (15/40), and acute respiratory distress syndrome (ARDS) (Figs. 5, 6 ) was observed in three individuals (7.5%). Significant lymph node enlargement was not identified in any chest X-ray. Subtle pleural effusions were seen in four patients. Two patients with severe illness and ARDS identified on chest radiography were also studied with CT, which confirmed the ARDS pattern, better depicting the features and extent of lung abnormalities. One of the patients, despite showing improvement of lung disease at subsequent CT, unfortunately died from cerebral ischaemia confirmed at the postmortem examination. Follow-up radiographs (FUr) were never performed in individuals with rapid clinical recovery. Among the F-Ur available, advanced improvement of the abnormalities were always depicted. In our series, the influenza virus infection did not lead to secondary bacterial pneumonia in any individual. Fig. 1) (Fig. 4) Fig. 1 A 32-year-old man with swine-origin influenza virus. Chest X-ray shows parenchymal band consistent with atelectasis, and interstitial changes. Abnormalities were bilateral and involved the mid and lower lung zones. Fig. 2 A 20-year-old woman with swine-origin influenza virus. Chest X-ray depicts focal area of ground-glass opacity in the lower right zone. Note lack of obscuration of ribs, and bronchial and vascular markings. Fig. 3 A 16-year-old man with swine-origin influenza virus. Chest X-ray shows patchy ground-glass opacity, interstitial changes and confluent centrilobular nodules. The lung abnormalities were unilateral and extensive, involving three lung zones.
Conclusioni. Il quadro di presentazione radiologica più frequente è stato l'impegno interstiziale, con o senza conso
interstiziali (
Fig. 1 Maschio di 32 anni affetto da S-OIV. La radiografia del torace mostra in corrispondenza delle regioni medio-basali bilaterali consolidamenti parenchimali a stria, compatibili con atelettasia, e impegno interstiziale.
Fig. 2 Femmina di 20 anni affetta da S-OIV. La radiografia del torace identifica un focolaio di consolidamento a vetro smerigliato nel campo polmonare inferiore di destra. Da notare la persistente visibilità delle coste loco regionali e delle strutture vasculo-bronchiali sottostanti.
Fig. 3 Maschio di 16 anni affetto da S-OIV. La radiografia del torace rileva la presenza di multipli focolai di consolidamento a vetro smerigliato associati a noduli centro-lobulari, anche confluenti, e impegno interstiziale. Le alterazioni sono unilaterali e impegnano tre campi polmonari.
Fig. 4
A 54-year-old man with swine-origin influenza virus. Chest X-ray shows patchy, bilateral areas of ground-glass opacity in both lower zones, associated with interstitial changes.
Fig. 4 Maschio di 54 anni affetto da S-OIV. La radiografia del torace mostra in sede basale bilaterale la presenza di multipli focolai di consolidamento a vetro smerigliato associati a impegno interstiziale.
Fig. 5
A 25-year-old man with swine-origin influenza virus and acute respiratory distress syndrome (ARDS). Chest X-ray shows bilateral areas of dense consolidation and ground-glass opacities. Lung involvement was extensive, consistent with ARDS.
Fig. 5 Maschio di 25 affetto da S-OIV e ARDS. La radiografia del torace identifica focolai di consolidamento parenchimale, densi e a vetro smerigliato. L'impegno polmonare è diffuso e compatibile con ARDS.
Fig. 6
A 58-year-old man with swine-origin influenza virus and acute respiratory distress syndrome (ARDS). Computed tomography scans shows the ARDS previously identified by radiography but better depicts the extent and pattern of the abnormalities. 
Discussion
Influenza virus belongs to the orthomyxovirus family of RNA viruses, and human disease is predominantly caused by type A, the most virulent, which can easily mutate [9] . Many subtypes of type A have been identified on the basis of the occurrence of surface glycoproteins, haemagglutinin (H) and neuraminidase (N). The 2009 H1N1 virus contained a unique combination of gene segments that had not previously been identified in humans or animals [10, 11] .
Whereas the elderly and young children are at high risk for seasonal influenza, H1N1-related illness predominantly affects young individuals. The possible explanation for this phenomenon includes the fact that the young have a greater susceptibility to the virus, as proven on the basis of serological studies [12, 13] . Another reason might be that elderly people have some level of cross-reactive neutralising antibodies to the H1N1 virus [14] . However, it is also possible that there is a case-ascertainment bias because more young people are tested as part of outbreak investigations in schools [15] The majority of S-OIV infections reported has been mild illness. However, the pandemic strain of H1N1 virus can cause severe illness, including pneumonia and ARDS [16] [17] [18] [19] . In a pattern similar to patients with seasonal influenza, patients with severe illness had a high prevalence of underlying medical conditions [20, 21] . Risk factors for severe S-OIV illness are obesity, pulmonary diseases, cardiac diseases, neurological diseases, immunosuppression and pregnancy [16] [17] [18] [19] . One contributing factor for death during H1N1 infection may be delayed admission and/or delayed initiation of therapy [16, 19] . Concurrent bacterial infection does not appear to be a contributing factor to the severity of illness, and lung damage was mostly due to the primary effect of infection with influenza virus [16] [17] [18] [19] . Possible mechanisms of damage include direct injury to the respiratory epithelium with a secondary cytokine storm [22] .
The radiographic findings in viral pneumonia consist of interstitial changes, ground-glass opacities, centrilobular nodules and consolidation. These findings are variable and overlapping [23] and reflect the variable extent of the underlying histopathological features. The most prominent histological changes are seen in the bronchial epithelium and in the adjacent interstitial tissue. Necrosis and desquamation of the epithelial cells in the bronchial lumen, associated with endoluminal exudates, may produce obstructions. The mononuclear cells infiltrate the bronchial wall, and the inflammation may extend to the adjacent interstitial tissue. The radiological features of those changes are dystelectasis, with consolidations or air trapping [24, 25] and/or centrilobular nodules.
superinfezione polmonare batterica è stata identificata nella popolazione in studio.
Discussione
Il virus dell'influenza appartiene alla famiglia degli virus a RNA Orthomixovirus. La malattia umana è generalmente provocata dal tipo A, il più virulento, che può facilmente mutare [9] . Esistono una grande quantità di sottotipi del virus A, identificati per la presenza di glicoproteine, emoagglutinine (H) e neuraminidasi (N), sulla membrana di superficie. Il virus H1N1 identificato nel 2009 contiene una combinazione genetica mai identificata precedentemente nell'uomo e negli animali [10, 11] .
L'influenza H1N1 colpisce prevalentemente soggetti giovani, al contrario dell'influenza stagionale per la quale i bambini e gli anziani sono le popolazioni a rischio più elevato di malattia. Una delle possibili spiegazioni di questo fenomeno, comprovata da studi sierologici, è la grande suscettibilità dei giovani al virus [12, 13] . Un'altra ragione potrebbe essere la presenza di livelli di anticorpi adeguati al controllo del virus prodotti dalle persone anziane [14] . I dati statistici potrebbero comunque essere inquinati per un errore di campionamento, che viene effettuato prevalentemente nei giovani, in corrispondenza dell'insorgenza di epidemie scolastiche [15] .
La maggior parte delle influenze suine segnalate hanno presentato un decorso clinico di media gravità, ma il virus H1N1 è in grado di provocare malattia grave con polmonite e ARDS [16] [17] [18] [19] . I pazienti con malattia grave hanno presentano un'alta prevalenza di comorbilità [20, 21] , come accade in corso di influenza stagionale. I fattori di rischio correlati all'insorgenza di malattia grave sono: l'obesità, le malattie cardiache, neurologiche e polmonari pre-esistenti, l'immunosopressione, la gravidanza [16] [17] [18] [19] . Un ritardo nel ricovero e/o nell'inizio della terapia rappresentano un fattore prognostico negativo fino al decesso [16, 19] Rapidly progressive pneumonia may be seen, particularly in patients with underlying medical conditions; in these cases, the lung histologically shows diffuse alveolar damage, comprising interstitial lymphocyte infiltration, airspace haemorrhage, oedema and hyaline membrane formation [26, 27] . In these cases chest X-ray and CT show the ARDS pattern [25, 28] . Pleural effusion is rare.
The literature data [16] [17] [18] [19] show that also in S-OIVrelated pneumonia, the radiographic pattern is consistent with the nonspecific pattern of viral pneumonia. In our series, the major radiological abnormalities were interstitial changes, with or without patchy ground-glass opacities and centrilobular nodules, mostly bilateral and located in the lower lung zones. These data differ considerably from the literature data [16] [17] [18] [19] in which the most prevalent pattern is patchy ground-glass opacities, more frequently bilateral and located in lower zones.
In our series, extensive lung abnormalities with involvement of three or more lung zones were observed in 37.5% of patients, and ARDS was observed in three patients, all with underlying medical conditions. CT was performed only three times in our series, as it is known that it does not add information in patients with evident radiographic abnormalities, leading to only a modest increase in diagnostic accuracy [29, 30] . On the contrary, incipient and/or overt ARDS should be further investigated with CT, which is more sensitive and specific than radiography for detecting thoracic abnormalities and may be useful for guiding treatment decisions in critical patients, providing a more accurate evaluation of the extent and distribution of the disease.
In conclusion, S-OIV-related pneumonia does not differ in radiographic presentation from the other viral pneumonias, and it may evolve into ARDS. Therefore, during S-OIV, recognition of the radiological findings of pneumonia is imperative for determining appropriate management. Chest radiograph is an effective and adequate tool for identifying S-OIV-related pneumonia, whereas CT is helpful in individuals with severe illness to depict incipient ARDS and to orient prompt therapeutic management. 
